In microwave engineering, two main approaches exist to obtain left-handed transmission lines. One of them is the dual transmission line approach [2] [3] [4] , which is based on loading transmission lines with series capacitances and shunt inductances. The other one is the resonant-type approach [5, 6] , which combines resonant sub-wavelength particles, such as split rings resonators (SRRs) or their dual counterparts (CSRRs), with shunt inductances or series capacitances etched on a host transmission line. Traditionally, it was supposed that the use of structures based on the resonanttype model was limited to narrow band applications. However, as occurs in the dual transmission line model, resonant-based left handed structures exhibit also a right-handed transmission band at higher frequencies due line parasitics [7] . This allows us to obtain a composite right/left handed (CRLH) behaviour. The line can be tailored in order to collapse the typical frequency gap present between the left handed and right handed transmission bands. Namely, it is possible to make coincident the upper and the lower limits of the left and the right-handed bands, respectively (balance case), with the result of a continuous transition between both transmission bands. Although up to now it was not exploited, the balance case is also achievable by means of the resonant approach, what makes possible to obtain broad-band responses by using CRLH resonant-type transmission lines.
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The basic cell of the structure is represented in Fig. 1(a) . It consists on a CSRR etched on the ground plane of a microstrip line, and located underneath a capacitive gap etched on the top layer (conductor strip). The CSRR provides the negative value of the dielectric permittivity in the vicinity of its resonance frequency, whereas the negative value of the magnetic permeability needed to obtain the left-handed behaviour is related to the effect of the series capacitance due to the gap. This structure is modelled by the equivalent T -circuit model shown in Fig. 1(b) [8] . The CSRR is modelled by the resonant tank L C -C C , which is electrically coupled to the line through the capacitance C. The capacitance C g models the series gap, and L accounts for the line inductance. The right handed transmission band is due to line parasitics (L and C), but also to the CSRR (which behaves capacitively at high frequencies).
The analysis of the equivalent circuit model reveals the behaviour of the structure. The phase shift per cell, φ, (dispersion relation) and Bloch impedance, Z B , are given by:
where C g do also present a resonance frequency, f s , beyond which appears the right-handed transmission band. The balance case occurs when both, the series impedance and the parallel admittance are null at the same frequency f 0 so that the two resonance frequencies are identical (
In this case, the frequency gap between the two different transmission bands disappears and, as a result, there is a broad composite right-left-handed transmission band. Taking advantage of this possibility, several balanced cells have been designed and fabricated. Broad band responses have been obtained [1] . It is also possible to fabricate multi-cell devices that likewise reproduce this composite right-left-handed behaviour. Taking this into account, the possibility of designing a resonant-type high pass filter formed by several cells can be exploited. As an illustrative example, Fig. 2 shows the layout of a three-cell structure. In Fig. 3 , the simulated (through the commercial software Agilent Momentum) frequency responses obtained in three different filters formed by two, three, and four cells are shown. The parameters of the Rogers RO3010 substrate have been considered (thickness h = 1.27 mm, dielectric constant ε r = 10.2). As expected, the larger the number of cells is, the more abrupt the transition band becomes. It is also clearly visible how stop band rejection increases with the number of cells.
The three structures exhibit low in-band losses and reasonable return losses. It is worth mentioning the large bandwidth of the high pass filters achieved. The cutoff frequency is located at 0.75 GHz, whereas transmission is truncated at high frequencies, as occurs in any planar filter implementation. These results demonstrate the possibility of obtaining broadband responses by means of the application of these resonant-type CRLH structures. By controlling the cut-off at higher frequencies, the application to band pass filters is also possible.
As conclusion, in this work we have presented results that confirm the possibility of obtaining broadband responses by using resonant-type CRLH structures. We have described and applied the balance case to the design of high pass filters. Dimensions and performance are good. Work is in progress in order to apply this new method to obtain new compact broadband devices.
